Heatline based Thermal Behaviour During Cooling of a Hot Moving Steel Plate Using Multiple Jets  by Mukherjee, S. et al.
 Procedia Materials Science  5 ( 2014 )  2063 – 2068 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.540 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
+HDWOLQHEDVHGWKHUPDOEHKDYLRXUGXULQJFRROLQJRIDKRWPRYLQJ
VWHHOSODWHXVLQJPXOWLSOHMHWV
60XNKHUMHH66DPDQWD0'KDU6%DUPDQ1%DUPDQ $0XNKRSDGK\D\66HQ
'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ-DGDYSXU8QLYHUVLW\.RONDWD,QGLD
$EVWUDFW
7KHDUWLFOHLVFRQFHUQHGZLWKWKHSUHGLFWLRQRIKHDWOLQHVDQGLVRWKHUPVRIDKRWPRYLQJVWHHO SODWH XQGHUJRLQJFRROLQJSURFHVVLQ
SUHVHQFHRI PXOWLSOH VSUD\ZDWHU MHWV QXPHULFDOO\ 7KH VLPXODWLRQ LV FDUULHGRXWE\PRGHOOLQJ DQGGLVFUHWL]LQJ WKH JRYHUQLQJ
HQHUJ\HTXDWLRQVXVLQJILQLWHYROXPHPHWKRGDQGWKHOLQHDUVLPXOWDQHRXVHTXDWLRQVDUHVROYHGE\WULGLDJRQDOPDWUL[DOJRULWKP
7'0$ 7KH QXPHULFDO FRGH LV GHYHORSHG LQ )2575$1 SODWIRUP ,Q WKH FRPSXWDWLRQDO GRPDLQ D VXLWDEOH FRROLQJ UHJLRQ
GXULQJPRYLQJRIWKHSODWHLVLGHQWLILHGE\DQDO\]LQJWKHKHDWOLQHGLVWULEXWLRQRIWKHGRPDLQDQGLWVGHSHQGHQFHRQWKHSURFHVV
SDUDPHWHUVLVVWXGLHG7KH SDUDPHWULFVWXGLHVRQKHDWOLQHUHYHDOWKDWWKHWKHUPDOO\XQDIIHFWHG]RQHGHFUHDVHVXSRQLQFUHDVLQJWKH
FRQYHFWLYHKHDWWUDQVIHUFRHIILFLHQWDQGLQFUHDVHVZLWKWKHLQFUHDVLQJSODWHYHORFLW\
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV +RWPRYLQJSODWHFRROLQJILQLWHYROXPHPHWKRGKHDWOLQH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
,QWURGXFWLRQ
6WHHO SODWHV DUH ZLGHO\ XVHG LQ PDQ\ HQJLQHHULQJ DSSOLFDWLRQV VXFK DV DXWRPRELOH LQGXVWULHV FRQVWUXFWLRQ
SXUSRVHVHWF7KHILQDO SODWHV DUHREWDLQHGE\FRQWUROOHGFRROLQJZKLFKGHWHUPLQHVWKHPHFKDQLFDODQGPHWDOOXUJLFDO
SURSHUWLHV RI WKH SURGXFWV 2YHU WKH ODVW IHZ GHFDGHV ZRUNV KDYH EHHQ FDUULHG RXW E\ VHYHUDO UHVHDUFKHUV IRU
XQGHUVWDQGLQJWKHWHPSHUDWXUHSURILOHRIWKHKRWUROOHGVWHHO SODWHV,QWKHFRQWH[W 7LPP HWDO GHVFULEHGDQ
DQDO\WLFDO PHWKRG IRU KHDW WUDQVIHU PRGHOLQJ LQ FDVH RI VXEFRROHG MHW LPSLQJHPHQW ERLOLQJ DW KLJK ZDOO
WHPSHUDWXUHV %LVZDV HW DO SUHGLFWHG WKH WHPSHUDWXUH SURILOH LQ DFFHOHUDWHG FRROLQJ SURFHVV RI VWHHO E\
&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVV QLONDQWD#PHFKMGYXDFLQ
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
2064   S. Mukherjee et al. /  Procedia Materials Science  5 ( 2014 )  2063 – 2068 
VWXG\LQJ WKHYDULDWLRQRIQRUPDOL]HG WHPSHUDWXUHZLWK WKHSRVLWLRQRIZDWHU MHW LPSLQJHPHQW+RUVN\ HWDO
H[SHULPHQWDOO\VWXGLHGWKHGLVWULEXWLRQRIKHDWWUDQVIHUFRHIILFLHQWDQGKHDWIOX[RYHUORQJDQGIODWSURGXFWVLQKRW
UROOLQJ DQG VKRZHG WKHLU GHSHQGHQFH RQ ZDWHU MHW DQG VWULS YHORFLW\ 6HUDM]DGHK HW DO SUHVHQWHG D
PDWKHPDWLFDO PRGHO EDVHG RQ ILQLWH HOHPHQW PHWKRG DQG DGGLWLYLW\ UXOH WR SUHGLFW WKH WHPSHUDWXUH KLVWRU\ DQG
PLFURVWUXFWXUDO FKDQJHV GXULQJ FRROLQJ RI VWHHO 5HFHQWO\ )XMLPLWR HW DO VWXGLHG QXPHULFDOO\ WKH WUDQVLHQW
FRROLQJRIDKRWVROLGE\WKHLPSLQJHPHQWRIDQD[LV\PPHWULFZDWHUMHW+RZHYHUWKHXWLOL]DWLRQRIKHDWOLQHVDORQJ
ZLWK LVRWKHUPV LQRUGHU WR LQWURVSHFW WKHKHDW WUDQVIHUFKDUDFWHULVWLFVKDV UDUHO\EHHQ UHSRUWHG LQ OLWHUDWXUH ,Q WZR
GLPHQVLRQDOFRQGXFWLYHDQGFRQYHFWLYHKHDWWUDQVIHUSUREOHPVKHDWOLQHVDUHDQDORJRXVWRVWUHDPOLQHVLQIOXLGIORZ
DQGDUHXVHGWRYLVXDOL]HWKHGLUHFWLRQRIKHDWWUDQVIHUKHDWIXQFWLRQEHLQJDQDORJRXVWRVWUHDPIXQFWLRQLVFRQVWDQW
DORQJDKHDWOLQH7KHFRQFHSWRIKHDWOLQHZDVILUVWLQWURGXFHGE\.LPXUDDQG%HMDQLQ+HQFHLQWKH SUHVHQW
VWXG\SULPDU\HPSKDVLVKDVEHHQODLGGRZQWRSUHGLFWWKHKHDWWUDQVIHUFKDUDFWHULVWLFVZLWKKHDWOLQHVDQGLVRWKHUPV
DVWRROVGXULQJFRROLQJRIDKRWPRYLQJVWHHOSODWHXVLQJPXOWLSOHMHWV
 'HVFULSWLRQRI3K\VLFDO3UREOHP
)LJVKRZVDKRWVWHHOSODWHPRYLQJZLWKDYHORFLW\87KHSODWHLVFRROHGE\PXOWLSOHVSUD\ZDWHUMHWV7KH
SUHVHQWZRUNFRQVLGHUVRQO\XSSHUKDOIRIWKHSODWHDVWKHFRPSXWDWLRQDOGRPDLQEHFDXVHRIWKHD[LV\PPHWULFDQG
'QDWXUHRI WKHFRROLQJSURFHVV)LJVKRZV WKHFRUUHVSRQGLQJFRPSXWDWLRQDOGRPDLQ ,Q WKLVZRUN LVRWKHUPV
DQGKHDWOLQHVLQFRPSXWDWLRQDOGRPDLQDUHSUHGLFWHGIRULGHQWLILFDWLRQRIWKHHIIHFWLYH FRROLQJUHJLRQRIWKHGRPDLQ
7KHSK\VLFDOSURSHUWLHVRIWKHSODWHDQGV\VWHPGDWDDUHVKRZQLQWDEOHDQGWDEOHUHVSHFWLYHO\

)LJ&RROLQJRIWKHVWHHOVWULSXVLQJPXOWLMHWVSUD\ZDWHUFRROLQJV\VWHP
1RPHQFODWXUH
83ODWHYHORFLW\PV
Y :DWHUMHWYHORFLW\PV
ȡ3ODWHGHQVLW\NJP
FS 6SHFLILFKHDWFDSDFLW\RIWKHSODWH-NJ
N7KHUPDOFRQGXFWLYLW\RIWKHSODWH
77HPSHUDWXUHÛ&
7EXON 7HPSHUDWXUHRIWKHZDWHUMHWÛ&
K[ &RQYHFWLYHKHDWWUDQVIHUFRHIILFLHQWDVDIXQFWLRQRIFRRUGLQDWH[
//HQJWKRIWKHSODWH
+9DOXHRI+HDWIXQFWLRQ
KHIIHF (IIHFWLYHFRQYHFWLYHKHDWWUDQVIHUFRHIILFLHQW
WK +DOISODWHWKLFNQHVV
W7LPH
[ \&RRUGLQDWHYDULDEOHV
2065 S. Mukherjee et al. /  Procedia Materials Science  5 ( 2014 )  2063 – 2068 
_ \
7
\  
w  
w
)LJ'LIIHUHQWERXQGDU\FRQGLWLRQVRIDKRWUROOHGVWHHOSODWH
7DEOH3K\VLFDOSURSHUWLHVRIVWHHO%DUPDQHWDO
3K\VLFDOSURSHUWLHV 9DOXHV
3ODWHGHQVLW\ȡ NJP
3ODWHWKHUPDOFRQGXFWLYLW\N :P&
6SHFLILFKHDWFDSDFLW\RIWKHVWHHOSODWHFS -NJ&
7DEOH6\VWHP LQIRUPDWLRQ
6\VWHPLQIRUPDWLRQ 9DOXHV
,QLWLDOWHPSHUDWXUHRIWKHSODWH7 &
:DWHUMHWYHORFLWLHVY DQGPV
3ODWHYHORFLW\8 PV
3ODWHOHQJWK/ P
+DOISODWHWKLFNQHVVWK PP
 0DWKHPDWLFDOPRGHOLQJ
,QWKHSUHVHQWZRUNWKHWKHUPDOEHKDYLRURIDKRWUROOHGVWHHOSODWHLVVWXGLHGWKURXJKYLVXDOL]DWLRQRILVRWKHUPV
DQG KHDWOLQHV WR DFKLHYH GHVLUHG PHFKDQLFDO DQG PHWDOOXUJLFDO SURSHUWLHV $VVXPLQJ XQLIRUP WHPSHUDWXUH
GLVWULEXWLRQDORQJWKH=GLUHFWLRQWKHJRYHUQLQJHTXDWLRQRIWKHFRROLQJSURFHVVLVJLYHQDV
S S
7 7 7
F N F N
W [ [ \ \
X7w w w w wU  U 
w w w w w
§ ·§ ·¨ ¸ ¨ ¸© ¹ © ¹

$WVWHDG\VWDWHWKHJRYHUQLQJ HTXDWLRQRIWKHFRROLQJSURFHVVEHFRPHV
S
7 7
N F N
[ [ \ \
X7w w w wU 
w w w w
§ ·§ ·  ¨ ¸ ¨ ¸© ¹ © ¹

7KHFRROLQJSURFHVVRIWKHKRWUROOHGVWHHOSODWHLVFDUULHGRXWFRQVLGHULQJILYHMHWVRQERWKWKHVLGHVRIWKHKRWSODWH
%RXQGDU\FRQGLWLRQV
7KHERXQGDU\FRQGLWLRQVIRUWKHXSSHUSDUWRIWKHSODWHDUH
 _[7 7  _ [ /
7
[  
w  
w
_  7[ 7 
K\ W EXON
7 K [
\  
w  
w
2066   S. Mukherjee et al. /  Procedia Materials Science  5 ( 2014 )  2063 – 2068 
 _      [ K7 7 W \ W  t d d 
_     [ / K
7 W \ W
[  
w  t d d
w

_     \
7 W [ /
\  
w  t d d
w

_  7[     \ + EXON
7N K [ 7 W [ /
\  
w   t d d
w

7KHERXQGDU\FRQGLWLRQSUHVHQWHGE\HTXDWLRQLVDSSOLHGWRHDFKRIWKHMHWVDQGKRWVXUIDFHLQWHUDFWLRQ DQG
MHWVDUHXQLIRUPO\GLVWULEXWHGDORQJ WKH WRSVXUIDFHRI WKHSODWH7KHHIIHFWLYHFRQYHFWLYHKHDW WUDQVIHUFRHIILFLHQW
%LVZDV HWDOLVFRQVLGHUHGDV

 
[E
X[K [ DY H
X
§ · ¨ ¸© ¹§ · ¨ ¸© ¹ 
:KHUHDDQGEDUHFRQVWDQWV7KHYDOXHVRIDDQGEDUHDVIROORZV


F
XD
Z
§ ·
 ¨ ¸
© ¹


F
XE
Z
§ ·
 ¨ ¸
© ¹

7KH JRYHUQLQJ HTXDWLRQ  ZLWK WKH ERXQGDU\ FRQGLWLRQV HTXDWLRQV  LV VROYHG QXPHULFDOO\ EDVHG RQ ILQLWH
YROXPHPHWKRGXVLQJ7'0$VROYHU3DWDQNDU
5HVXOWVDQGGLVFXVVLRQ
,QWKHSUHVHQWZRUNWKHQDWXUHRILVRWKHUPVDQGKHDWOLQHVLQDKRWPRYLQJVWHHOSODWHDUHQXPHULFDOO\SUHGLFWHG
GXULQJFRROLQJXQGHUPXOWLSOHVSUD\ZDWHUMHWV7KH UHVSHFWLYHYDOXHVRIMHWYHORFLWLHVWDNHQDUHPV
PVPVPVPV7KHVHYDOXHVDUHLQDFFRUGDQFHWRWKHUHSRUWRI%LVZDV HWDODQGDUH
WKHRSWLPXPMHWYHORFLWLHVWRREWDLQDXQLIRUPFRROLQJDORQJWKHSODWHOHQJWK 7KHSODWHLVPRYLQJDWDYHORFLW\RI
PV )LJ D UHSUHVHQWV WKH LVRWKHUP SORW GXULQJ FRROLQJ RI WKH KRW PRYLQJ VWHHO SODWH 'LVWDQFH DORQJ [D[LV
UHSUHVHQWVWKHOHQJWKRIWKHVWHHOSODWHDQGGLVWDQFHDORQJWKH\D[LVUHSUHVHQWVWKHWKLFNQHVVRI WKHVWHHOSODWH 7KH
FRQWRXUVRIKHDWOLQHVDUHYLVXDOL]HGLQ)LJE
D
E
)LJD7HPSHUDWXUHGLVWULEXWLRQLQ&LQWKHFRPSXWDWLRQDOGRPDLQE&RUUHVSRQGLQJFRQWRXUVRIKHDWOLQHV
2067 S. Mukherjee et al. /  Procedia Materials Science  5 ( 2014 )  2063 – 2068 
$W WKH SRLQWV RI WKH MHW LPSDFW WKH LVRWKHUPV DUH DSSDUHQWO\ GHQVHU GXH WR WKH KLJK KHDW WUDQVIHU UDWH LQ WKH
YLFLQLW\ $FFRUGLQJO\ D ORZ WHPSHUDWXUH GLVWULEXWLRQ LV SUHVHQW QHDU WKH WRS VXUIDFH RI WKH SODWH $OVR WKH
WHPSHUDWXUHGHFUHDVHVDORQJ[GLUHFWLRQRIWKHGRPDLQGXHWRFRROLQJRIWKHSODWHZLWKILYHMHWV7KHKHDWOLQHVDUH
VWHHSQHDUWRWKHWRSVXUIDFHRIWKHGRPDLQDQGQHDUO\SHUSHQGLFXODUWRWKHSODWHYHORFLW\,WLPSOLHVFRQGXFWLRQKHDW
WUDQVIHULVGRPLQDWHGDORQJWKH\GLUHFWLRQLQWKDWUHJLRQGXHWRDSSOLFDWLRQRIPXOWLSOHMHWV7KHZRUNFRQVLGHUHGD
KHDWOLQHZKLFKSDVVHVWKURXJKWKHXSSHUPRVWFRUQHURIWKHULJKWVXUIDFHRIWKHFRPSXWDWLRQDOGRPDLQDQGGHQRWHG
DVµGLYLGHUKHDWOLQH¶7KHUHJLRQULJKWVLGHRIWKHGLYLGHUKHDWOLQHLQWKHGRPDLQLVWKHWKHUPDOO\XQDIIHFWHG]RQH,WLV
FRQFOXGHGKHUHWKDWWKHKHDWIURPWKHWKHUPDOO\XQDIIHFWHG]RQHLVQRWUHPRYHGIURPWKHV\VWHPE\GLIIXVLYHKHDW
WUDQVIHUEXWUDWKHULWIORZVRXWRIWKHGRPDLQGXHWRDGYHFWLRQ 7KHKHDWOLQHVPRYLQJRXWIURPWKHULJKWVXUIDFHDUH
QHDUO\SDUDOOHOWRWKH;D[LV%XWKHDWWUDQVIHUGXHWRDGYHFWLRQGRHVQRWFRQWULEXWHWRWKHIRUPDWLRQRIDWHPSHUDWXUH
JUDGLHQWOLNHWKDWRIWKHKHDWOLQHVPRYLQJRXWRIIWKHWRSVXUIDFH+HQFHLQWKHSUHVHQWZRUNWKHGHSHQGHQFHRIWKLV
WKHUPDOO\XQDIIHFWHG]RQHRQWKHSURFHVVSDUDPHWHUVLVVWXGLHG1HDUWKHYLFLQLW\RIWKHSRLQWVRIMHWLPSDFWEXOJLQJ
RIKHDWOLQHVRFFXUVGXHWRWKHKLJKKHDWWUDQVIHUUDWHDORQJWKHLVRWKHUPHPHUJLQJIURPWKDWSRLQW,WLVVHHQWKDWWKLV
EXOJLQJWHQGHQF\GHFUHDVHVZLWKGHSWK
3DUDPHWULFVWXG\
7KH SUHVHQW FRROLQJSURFHVVGHSHQGVRQSURFHVVSDUDPHWHUV VXFK DV FRQYHFWLYHKHDW WUDQVIHU FRHIILFLHQW SODWH
YHORFLW\$FFRUGLQJO\DSDUDPHWULFVWXG\LVSHUIRUPHG
(IIHFWRISODWHYHORFLW\
2QHRIWKHPDMRUSDUDPHWHUVRIWKHFRROLQJSURFHVVLVWKHSODWHYHORFLW\7RREVHUYHWKHHIIHFWRISODWHYHORFLW\
RQWKHWKHUPDOO\XQDIIHFWHG]RQHWKHQXPHULFDOVLPXODWLRQLVSHUIRUPHGZLWKWKHGLIIHUHQWSODWHYHORFLWLHV8 
PVPVDQGPV,Q)LJD LW LVFOHDUO\HYLGHQWWKDW WKHGLYLGHU KHDWOLQHPRYHVGRZQZLWKGHFUHDVLQJ
SODWHYHORFLW\$VWKHSODWHYHORFLW\LQFUHDVHVWKHWKHUPDOO\XQDIIHFWHG]RQHDOVRLQFUHDVHV7KHKHDWWUDQVIHUIURP
WKH WKHUPDOO\XQDIIHFWHG]RQH LV UHSUHVHQWHGE\PD[LPXPGLIIHUHQFH'+PD[EHWZHHQ WKHKHDW IXQFWLRQYDOXHVRI
WKHGLYLGHUKHDWOLQHDQGWKHUHIHUHQFHKHDWOLQHWDNHQDW\ KDYLQJDYDOXHRI]HUR,W LVPHQWLRQHGKHUHWKDWǻ+
DFWXDOO\ VLJQLILHV WKH WRWDO HQHUJ\ IORZ UDWH SHU XQLW QRUPDO OHQJWK EHWZHHQ WZR KHDWOLQHV )LJ  E VKRZV WKH
YDULDWLRQRIǻ+PD[ ZLWK WKHSODWHYHORFLW\ZKHUHǻ+PD[ GHFUHDVHVZLWKGHFUHDVLQJSODWHYHORFLW\+HQFH WKH WRWDO
KHDWWUDQVIHULQFUHDVHVZLWKGHFUHDVLQJSODWHYHORFLW\7KHYDOXHVRIǻ+PD[ REWDLQHGIRUWKHDERYHPHQWLRQHGSODWH
YHORFLWLHVDUHDQG0:PUHVSHFWLYHO\
D
E
)LJD'LYLGHUKHDWOLQHVZLWKGLIIHUHQWSODWHYHORFLW\E9DULDWLRQRIǻ+PD[ ZLWK3ODWH9HORFLW\8
2068   S. Mukherjee et al. /  Procedia Materials Science  5 ( 2014 )  2063 – 2068 
(IIHFWRIKHDWWUDQVIHUFRHIILFLHQW
,Q)LJ  WKHGLVWULEXWLRQRI GLYLGHU KHDWOLQH LV VKRZQZLWK HIIHFWLYH KHDW WUDQVIHU FRHIILFLHQW$KHDW WUDQVIHU
FRHIILFLHQWLVXVHGWRUHSUHVHQWDFRROLQJPHWKRGVXFKDVVSUD\ZDWHUMHWLPSLQJHPHQWFRROLQJ,QRUGHUWRREVHUYH
WKHHIIHFWRIKHDWWUDQVIHUFRHIILFLHQWRQKHDWWUDQVIHUEHKDYLRXUWKUHHGLIIHUHQWFRHIILFLHQWVDVKHIIHFKHIIHF DQGKHIIHF
DUH FRQVLGHUHG DQG WKH FRUUHVSRQGLQJ YDOXHV RI ǻ+PD[ REWDLQHG DUH   DQG 0:P UHVSHFWLYHO\ ,W LV
REVHUYHG IURP )LJ  D E WKDW ERWK WKH WKHUPDOO\ XQDIIHFWHG ]RQH DQG ǻ+PD[ GHFUHDVHV ZLWK LQFUHDVLQJ KHDW
WUDQVIHUFRHIILFLHQW
D
E
)LJD+HDWOLQHVZLWKYDULDWLRQLQFRQYHFWLYHKHDWWUDQVIHUFRHIILFLHQWEYDULDWLRQRIǻ+PD[ ZLWKKHIIHF
&RQFOXVLRQ
,Q WKLVSDSHU WKHYLVXDOL]DWLRQVRI KHDWOLQHVDQG LVRWKHUPVGXULQJFRROLQJSURFHVVRIDKRWPRYLQJ VWHHOSODWH
VXEMHFWHG WR PXOWLSOH MHWV DUH SUHVHQWHG 7KH JRYHUQLQJ HQHUJ\ FRQVHUYDWLRQ HTXDWLRQ LV GLVFUHWL]HG XVLQJ ILQLWH
YROXPHPHWKRGDQGVROYHG E\WULGLDJRQDOPDWUL[DOJRULWKP7'0$7KHSUHVHQWVWXG\UHSUHVHQWVWKHKHDWWUDQVIHU
EHKDYLRXUGXULQJFRROLQJLQDQHIIHFWLYHPDQQHU ,WLVSRVVLEOHWRLGHQWLI\DQXQDIIHFWHG]RQHLQWKHFRPSXWDWLRQDO
GRPDLQXVLQJDGLYLGHUKHDWOLQHDQGDTXDOLWDWLYHPHDVXUHRIWKHDGYHFWLYHKHDWWUDQVIHUǻ+PD[WKURXJKWKHSODWHLV
HQYLVDJHG 6XEVHTXHQWO\WKHSDUDPHWULFHIIHFWVRQWKHWKHUPDOO\XQDIIHFWHG]RQHDQGKHDWWUDQVIHUDUHSUHGLFWHG
5HIHUHQFHV
%DUPDQ6%DUPDQ10XNKRSDGK\D\$DQG6HQ6 7KHUPDO %HKDYLRURID+RW0RYLQJ6WHHO6WULS8QGHU0XOWLSOH&RROLQJ-HWV+HDW
7UDQVIHU(QJLQHHULQJ
%HMDQ$&RQYHFWLYHKHDWWUDQVIHUWKLUG(G:LOH\,QGLD3/WG1HZ'HOKL ± 
%LVZDV 6 &KHQ 6 DQG 6DW\DQDUD\DQD $  2SWLPDO 7HPSHUDWXUH 7UDFNLQJ IRU $FFHOHUDWHG &RROLQJ 3URFHVV LQ +RW 5ROOLQJ RI 6WHHO
'\QDPLFVDQG&RQWURO±
)XMLPRWR+7DNXGD++DWWD19LVNDQWD51XPHULFDO6LPXODWLRQRI7UDQVLHQW&RROLQJRID+RW6ROLGE\DQ ,PSLQJLQJ)UHH6XUIDFH-HW
1XPHULFDO+HDW7UDQVIHU3DUW$
+RUVN\ - 5DXGHQVN\ 0.RWUEDF
HN 3  ([SHULPHQWDO VWXG\ RI ORQJ SURGXFW FRROLQJ LQ KRW UROOLQJ -RXUQDO RI 0DWHULDOV 3URFHVVLQJ
7HFKQRORJ\±±
3DWDQNDU61XPHULFDOKHDWWUDQVIHUDQGIOXLGIORZ+HPLVSKHUHSXEOLVKLQJFRUSRUDWLRQ8QLWHG6WDWHVRI$PHULFD
6HUDM]DGHK 6  0RGHOOLQJ RI WHPSHUDWXUH KLVWRU\ DQG SKDVH WUDQVIRUPDWLRQV GXULQJ FRROLQJ RI VWHHO -RXUQDO RI 0DWHULDOV 3URFHVVLQJ
7HFKQRORJ\±
7LPP::LHQ]LHUO./HLSHUW]$+HDWWUDQVIHULQVXEFRROHGMHWLPSLQJHPHQWERLOLQJDWKLJKZDOOWHPSHUDWXUHV,QWHUQDWLRQDO-RXUQDORI
+HDWDQG0DVV7UDQVIHU
